Omega-3 PUFA modulate lipogenesis, ER stress, and mitochondrial dysfunction markers in NASH - Proteomic and lipidomic insight.
Currently there is no FDA-approved therapy for nonalcoholic steatohepatitis (NASH). Increased n-6/n-3 polyunsaturated fatty acids (PUFA) ratio can induce endoplasmic reticulum (ER) stress and mitochondrial dysfunction that characterize NASH. Our recent study with n-3 PUFA showed improvement in individual histologic parameters like steatosis, ballooning and lobular inflammation. We hypothesized that n-3 PUFA therapy mediated improvement in histologic parameters is modulated by lipidomic and proteomic changes. We therefore evaluated hepatic proteomic and plasma lipidomic profiles before and after n-3 PUFA therapy in subjects with NASH. In a double-blind, randomized, placebo-controlled trial, patients with NASH received 6-month treatment with n-3 PUFA (0.945 g/day [64% alpha-linolenic (ALA), 21% eicosapentaenoic (EPA), and 16% docosahexaenoic (DHA) acids]). Paired liver biopsy and plasma collected before and after-n-3 PUFA therapy were assessed using mass spectrometry and gas chromatography for hepatic proteomics and plasma lipidomics. Data were matched to UniProt and LIPID MAPS database, respectively. Cytoscape software was used to analyze functional pathways. Twenty-seven NASH patients with paired liver histology and plasma before and after n-3 PUFA treatment were studied. Treatment with n-3 PUFA significantly increased ALA, EPA, and glycerophospholipids, and decreased arachidonic acid (p < 0.05 for all). Further, proteomic markers of cell matrix, lipid metabolism, ER stress and cellular respiratory pathways were also modulated. Interestingly, these alterations reflected functional changes highly suggestive of decreased cellular lipotoxicity potential; reduced ER proteasome degradation of proteins and induction of chaperones; and a shift in cell energy homeostasis towards mitochondrial beta-oxidation. Six-month treatment with omega-3 PUFAs significantly improved hepatic proteomic and plasma lipidomic markers of lipogenesis, endoplasmic reticulum stress and mitochondrial functions in patients with NASH.